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Abstract – This paper presents an approach for designing 
robots and robotic systems based on the application of 
models, architectures, techniques and tools that have 
contributed valid solutions in other areas, such as e-business. 
Before applying these solutions, the physical elements that 
make up a robotic system are subjected to a normalization 
process in order to characterize their functional 
contributions. In this way, the conceptual model and the 
technical architecture of the service-oriented architecture 
robotic system is established. The paper also includes a simple 
implementation enabling the proposal to be validated, 
together with the main conclusions reached and future lines 
of study. 
 
I. INTRODUCTION 
 
Robotics is an essential component of production 
automation, affecting  labor at all levels from non-
specialist workers to professional engineers and production 
managers. Robotics is a continually growing area, and is 
subject to great barriers that condition its growth and 
functionality [1]. Such obstacles include the lack of unicity 
and standards, even in the most elementary components; 
the complexity in its design, development and 
implementation due to the great number of implied 
disciplines such as informatics, mechanics, electronics, 
physics and automation; and the great dependency of the 
underlying technology that makes up and sustains the 
physical layer. 
These types of problems, in which a multitude of actors, 
disciplines and technologies conjugate themselves, is very 
common in the development of applications distributed on 
the Internet and for which information and communication 
technologies (ICT) have already provided successful 
solutions. This new scene has forced the business 
applications to qualify mechanisms that allow their 
distributed development, reusability, integration of 
modules and components, and methods of interaction 
between organizations.  
In this way, the ICT, as a whole, have been instituted as 
the technological bases on which the present industrial and 
productive weave is sustained. Thus, models, architectures, 
design patterns and tools that are providing scalable, 
flexible, integrated and valid solutions, have been 
developed in the long term. 
The technologies which govern the Internet are 
increasingly permeating the various components of our 
daily lives.  Through concepts such as pervasive 
computing, miniaturization, intelligent buildings and 
environments, semantic Web services, intelligent sensor 
networks and digital skin, ICT are opening up access to 
new approaches to traditional problems. 
Due to the fact that the operative and functional 
requirements in the area of robotics coincide with those 
that have been resolved in the area of internet-distributed 
applications –facing up to the conceptualisation of 
complex processes which currently involve hundreds of 
distributed software components, different technologies, 
interconnection networks, the need for standards, resource 
integration or collaboration between different systems– we 
propose applying these same solutions (n-tier architectures, 
distributed software components, B2B, B2C or M2M 
models and SOA architectures) to reach a scalable, flexible 
and realistic model of robots and multi-robot systems that 
allows us to contemplate each element that makes up a 
service, independently of its nature, ubication or any other 
type of physical restriction.  
In order to achieve this, we shall put the physical 
elements which make up a robotic system through a 
normalization process, enabling them to be characterized 
by their contribution to the functional model; the technical 
architecture of the robotic system will be established based 
on SOA and on open standards; we shall show how 
traditional robot architecture adapts to the SOA model 
within the service paradigm; we shall present a simple 
implementation of a robotic system based on smart 
services; and finally we shall set out the main conclusions 
which can be drawn from the study and future lines of 
research. 
 
II. BACKGROUND 
 
In recent years, robotics has experienced a great advance 
in the many fields involved [1]. Nevertheless, these 
advances have not affected all the tasks that a robot may 
carry out to the same extent. This may be explained by the 
fact that the models and architectures used were not the 
most suitable in order to obtain more far-reaching 
objectives [2]. Aspects such as cognition or commonsense 
arise from the interaction of individuals, with their context 
or with other individuals. Therefore, models and 
distributed architectures that can support these multitudinal 
ecosystems are required [3]. There are a great number of 
projects that deal with collaborative systems by which it is 
possible to conceive the appropriate mechanisms and 
functionality of independent techniques so that several 
robots can establish relationships with each other and 
efficiently obtain the fulfillment of a task [4]. These 
studies explore the robustness, flexibility and ability to 
 solve complex problems, by using the parallelism and self-
organization of robotic communities composed of 
independent and even heterogenous individuals [5]. Many 
of these studies propose a technological framework that 
may serve as a standard platform in the area of robotics [6] 
and which allows the implementation of the system to be 
separated from the physical layer [7]. 
The use of alternative communication mechanisms to 
replace traditional systems and the study of possible 
relationships and their formalisation are beginning to be 
used for this purpose [8]. For many years, fields that are 
closely linked to robotics, such as sensoring or monitoring, 
have focused on the use and application of internet-related 
technologies for the development of intelligent [9] or 
embedded networks [10], since these technologies are low 
cost, highly sophisticated, far-reaching and socially 
acceptable. Furthermore, they are now the main tools for 
enabling distributed infrastructures to be established and to 
overcome barriers related to physical technologies [9]. 
On the other hand, the use of ontologies arises as a 
mechanism to standardize and formalize the 
interoperability of current systems, presenting itself as a 
means of representing our shared knowledge in a specific 
domain, and commonly associated with the notion of 
semantic containers [11]. 
The miniaturization capacity allows us to incorporate 
computation in practically any component [12]. The 
concept of pervasive computing along with 
communications technologies can be applied to all areas, 
for example, using encrusted devices to provide internet-
based interfaces as a device management mechanism [13]. 
Some of the latest studies propose intelligent environments 
combining the use of embedded sensors and ontology-
based contexts [14]. The success of embedded computation 
is evident due to the transparent incorporation of ITC into 
daily life [15]. 
 
III. NORMALIZATION OF COMPONENTES 
 
One of the main problems with robotics is having to 
approach the heterogeneity existing in the different 
physical devices on all levels.  It would be desirable for 
these physical devices to be as homogenous as possible, at 
least conceptually.  This would enable the border between 
all the disciplines involved to be clearly defined and would 
provide a unified vision of the elements, thus simplifying 
the model of complex robotic systems.   
The aim of the normalization process is to characterize 
the elementary components of a robotic system (including 
sensors, actuators and computational elements) from the 
point of view of its contribution to the robot’s functional 
and conceptual model. In this way, a vision is generated 
that firstly allows physical elements and, later, robotic 
processes to evolve towards ITC services. The process 
involves equipping each of the robot’s elementary 
components with the required hardware infrastructure and 
software so that they can be displayed as software services. 
The new resulting components of this process are named 
Smart Services and allow us to raise the abstraction level 
of the lowest layers, until they can be compared with the 
rest of the robotic system’s software services. 
More specifically, we will firstly act on the sensors and 
actuators. In general, these elements do not have the 
capacity to process and store the information with which to 
operate. The first stage involves equipping these elements 
with the necessary hardware so that they can do so. Figure 
1 shows a block diagram with the main components. 
This hardware consists of: an analogical-digital 
converter that allows the analogical signals of the actuators 
or sensors to be adapted to those of the digital processor; a 
processor, equipped with computation capacity; memory to 
store or handle the data obtained or processed; a 
communications system that adapts the information to the 
communication channel; and an energy regulation module 
that adapts input at the correct levels. The latter two 
modules could be integrated since existing communication 
protocols can unify these functions (PoE or PLC). 
With the incorporation of computational capacity and 
storage into the device, the elements are transformed into 
cognitive components (i.e. they send and receive messages 
which they process and interpret), with a standard 
communication capacity.  We thus have a computational 
platform which enables these devices to be processed from 
another perspective. 
Although we now have a much more powerful base, we 
have to bring it within the standards which interest us, for 
which we turn to techniques which enable us to build in a 
platform which integrates the protocols and appropriate 
services (TCP/IP, SOAP, XML, etc.). 
This platform consists of: a communications layer with 
the standard network protocols (TCP/IP, HTTP, SMT, 
FTP...); a second layer where SOAP and its extensions are 
located; a third layer with the service description 
languages, WSDL; and a fourth layer where the discovery 
services and publication services (UDDI) will be located. 
The three upper layers of the platform use technology 
bases such as XML, DTD and schemas. The whole 
platform is covered by the standard network security 
Figure 1: Physical scheme for a smart component hardware 
 protocols. In this way, the services offered by each 
component will be found in the upper levels. 
These new devices, with their capacities, are what we 
known as Smart Sensors or Smart Actuators. 
In addition to sensors and actuators, we require the rest 
of the computational components that make up the robotic 
system to be aligned technologically and functionally with 
these new intelligent devices. Computational elements are 
those responsible for carrying out calculations, taking 
decisions and implementing the policies and strategies 
necessary to achieve the objective. In this case, the 
required computational hardware platform is already 
available. For this reason, it will be sufficient to add the 
necessary architectonic software layers so that planners, 
gateways, trajectory calculation processes, controllers and 
other functionalities of the robot can also be offered as 
services. This type of services that originate from software 
processes are known as Smart Computations. 
Finally, we have been able to encapsulate and hide the 
different physical elements involved in the system and, 
since they are all now shown as services, we have grouped 
them under the common name of Smart Services, 
independently of their physical nature. 
Given that now there is nothing to prevent a Smart 
Service from being made up of other Smart Services, we 
can distinguish between Basic Smart Services, such as 
those which cannot be divided into other Smart Services, 
and the Compound Smart Services, which use at least one 
other Smart Service, which in turn may be either basic or 
compound. 
 
IV. CONCEPTUAL TECHNICAL ARCHITECTURE 
 
Once all the elements have been standardized and 
reduced to distributed software components (Smart 
Services), we can apply the solutions extracted from the e-
business models or, more generically, from the distributed 
software component-based systems. 
In the case of the technical architecture of the robot, an 
n-tier architecture can be applied where a homogenous and 
structured panorama is formed in layers. A 
communications level is determined to support the Smart 
Service hardware, which is formed by the whole physical 
layer which makes up each of the components. The 
Middleware layer is comprised of the software that allows 
us to manage the described communications and 
processing mechanisms. It will be composed of the 
transmission protocols, messages language, component 
access protocols, discovery protocols, etc.  This level is 
responsible for abstracting the traditional components 
towards the world of the services. As regards the technical 
physical architecture, each intelligent hardware 
component, together with its service layer, constitutes a 
container upon which are executed the distributed software 
components that implement their business logic or, in 
terms of the robotic system, the functionality of their 
components. The service layer is the platform for 
developing the software components that provide the 
functionality and interface that the Smart Service is able to 
offer to other components, whether they belong to the 
same robot or to any other client with the sufficient 
capacity and permission to call it 
The resulting architecture is known as Service-Oriented 
Robotic Architecture and incorporates characteristics such 
as the organization of the elements involved into perfectly 
defined compartments and interfaces. 
The elements which comprise the traditional architecture 
of the robot (fig. 4a), once transformed into Smart 
Services, will operate as service providers, service 
consumers or even as both, reflected perfectly in the new 
architecture.   
This produces a notable increase in the necessary 
technology (fig. 4b) in service-oriented architecture, since 
the services have to be supported by a series of 
technologies and protocols.  This means that the model is 
more complex than that of traditional robotics, although 
with the advantage that standard and open platforms 
already exist for its implementation, with all the 
characteristics of the SOA paradigm transferred to the 
robotics.   
Each component has been transformed into a method or 
high level object, with a stable, public interface, which can 
Figure 2: Smart Service logical scheme  
Figure 3: Conceptual technical architecture for a distributed robotic 
system based on Smart Services 
 be called upon by any client and developed independently 
of the system in which is it to be implanted.  It enables the 
homogenization of the actors involved and a 
standardization of the interfaces, methods and technologies 
involved in both development and use, thus facilitating 
portability and keeping costs down.   
Increased computational capacity and layering of 
protocols and business logic over Smart Services deliver a 
distributed middleware, based on standard technologies 
and independent of manufacturer.  
Each component possesses intelligence, can be 
consulted or involved in an action and brings to the system 
its description, its availability and interfaces, and the 
organization of its output data or input parameters, thus 
enabling the establishment of relations within a Smart 
Services community, instead of being isolated elements.   
The range of communication platforms is growing, since 
we can use whichever SOA model support is best adapted 
to the system requirements; this also enables the 
incorporation of their respective security mechanisms.   
The knowledge base and tools of the ICT community are 
freely accessible, so that the benefit can be gained of all 
the work carried out to date in the development of Web 
Services as mechanisms for reusing designs and 
components, service modeling, component integration etc..   
By elevating the technological level of each component 
involved in a robotic system, we are able to ensure that the 
levels of functionality which have to be reached for the 
development of a project are also raised.  When a project is 
unfolding, those responsible for it are thus able to focus 
their attention on the relationships which have to be 
established between components and not on how 
communications between them should be achieved, what 
type of access is required, response times, physical aspects 
of  the devices, signal processing or other such basic 
details.   This leads to less overlap between the disciplines 
involved and efforts can therefore be concentrated on the 
development and modeling, rather than on the physical 
architecture and technology involved, thus facilitating the 
specialization of each person involved in a project and the 
creation of multidisciplinary teams.   
The higher technological level enables the stages of 
design and of implementation to be closer, since for a 
particularly abstract design we can use components which 
are also high level objects, based on pre-existing, widely 
accepted frameworks.   
The system will consist of independent models which 
will gradually be implemented into the system, since the 
modularity, scalability and integration capacity are implicit 
in the service architecture, enabling the reuse of designs 
and components in the construction of diverse robotic 
systems. 
 
V. USE CASE 
 
The scenario which is considered as a framework for the 
study comprises an Ethernet network in which a PC will be 
housed, containing the heaviest software components, 
responsible for planning and control, and a server for the 
UDDI services register, interconnection with other 
networks and a database.  Our robotic system will consist 
of various basic services communicating between 
themselves via an Ethernet network and the group can be 
linked up to the system network through a WIFI access 
point so that our system would have complete mobility 
without losing the communication channel.   
Since we are in the initial stages of the study, we shall 
implement a basic smart service which offers us flexibility 
for testing.  For its construction will shall use a 
programmable RCX brick and an embedded XPort device. 
The programmable Lego RCX brick has a Hitachi 
H8/3292 microcontroller embedded, with an H8/300 CPU 
Core which runs the sensor control and actuator programs, 
and an infrared port which we shall connect to the serial 
port of the XPort device, thus converting it into a device 
accessible via conventional Ethernet.  XPort is a compact 
solution which enables a component to be web-enabled 
and incorporates memory and its own processor, capable of 
executing the necessary protocols and software.  A tension 
regulator will enable both devices to be powered 
simultaneously (fig. 5).   
XPort will be responsible for receiving SOAP messages, 
Figure 4: (a) Traditional robotic architecture. (b) Service oriented robotic architecture 
 interpreting them and sending the orders to the RCX to 
interpret and to take the necessary actions.  The real 
computational nucleus thus lies in the XPort, which will 
house the logical level, while the RCX brick will simply 
act as an analogue/digital converter to interact with the 
physical devices.  
The Smart Service obtained, inheriting the 
characteristics of the RCX brick, will be able to interact 
with three inputs and three outputs simultaneously.   As set 
out in the corresponding WSDL sheet, we shall only house 
a service in this device using two methods, one which will 
serve to order an action of an actuator and the other which 
will check the state of a sensor.  This service will be 
registered in the UDDI server which we have put on the 
network so that any user may access and utilize it.  In this 
case we shall create a simple client which just uses these 
services for small movements, so that we are able to 
confirm the functioning of the Smart Services based on 
SOAP.  Using the flexibility of Lego, we shall create a 
small system comprising a mobile platform and a contact 
sensor, each controlled by its own Smart Service. 
 
VI. CONCLUSIONS 
 
In this paper we propose a conceptualization that breaks 
down the architecture of  the underlying technology and 
frees the traditional organisational schemas of their 
limitations; it allows us to disconnect the disciplines 
involved in the development of projects by elevating the 
functionality of the minimum components, thanks to the 
appearance of middleware; and it homogenizes the 
technologies that will be used when separating and 
organizing the different functional aspects in layers and 
levels with well-defined interfaces. 
The benefits not only affect the architectonic aspects, 
but they also allow us to take advantage of the conceptual 
and organisational characteristics of the service paradigm, 
ensuring a simpler integration based on standards, 
scalability, regardless of the platform and manufacturer, 
and using realistic development tools. The technological 
gap that separates implementation models is reduced as 
since the minimum elements of the robotic systems are 
technologically more advanced.. 
We have presented a simple implementation of Smart 
Services, demonstrating that the use of current tools is 
feasible and that it is possible achieve the move, in simple 
form, from the design of a system to its realization thanks 
to the high technological content of its basic components 
and the use of high level tools.   
The proposed approach opens the door to acquiring new 
capabilities such as self-repair, self-assembly or service 
replication, since the technologies that sustain the service 
paradigm can support or implement mechanisms related to 
these proposals. 
Finally, we are currently working on a formal 
framework for the modelling of robotic and multirobot 
systems, based on the formal characterization of the 
elements involved and the study of the relationships 
between these through the use of ontologies. 
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